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Remarks 

Applicant and his representatives wish to thank Bxamiocr Nadav for the careful 
consideration of the Amendment filed April 17, 2006 and iht clear cxpIanHtions in the OfiGce 
Action dated January 19, 2006, 

Claims 21, 25, 26 and 33 have been cancetedL New Claim 35 has been added. Claims 6-7 
and 9-20 have been previously canceled. Therefore, Claims 1-5, 8, 22-24, 27-32 and 34-35 arc 
active in this applicafioiL No new matter is introduced by the present Amendment 

The present invention relates to a semiconductor device comprising: 

a) a via within an insulation layer over a semiconductor substrate; 

b) a barrier metal layer on a sorRice of the via; 

c) a metal line in the via over the barrier metal lay en 

d) a pad in a predetermined region of the metal line; and 

e) an alloy layer on an upper surface of the metal line^ wherein a top suriace 
of the alloy layer is coplanar v^th or lower than a top sur&ce of the 
insulation layer, and the alloy layer comprises a metal of the metal line 
and a low melting point metal having a melting point less than or equal to 
1000°C, (sec Claim 1 above). 

The cited references do not disclose or suggest, alone or taken together, a semiconductor 
device including an alloy layer on an upper surface of a metal line, comprisrag a metal of the 
metal line and a low melting point metal having a melting point less than or equal to 1000°C., 
where the alloy layer has a top surfece that is coplanar with or lower than a top surfece of the 
insulation layer. It is also believed that the cited references do not disclose or suggest a pad m a 
predetermined region of the metal line. Thus, the present claims are patentable over the cited 
references* 



PagcSof 11 



PA(£ 7/17' RCVD AT 9/14120069:52:07 PM [Eastern 



5EP-ld-E006(THU) 18:5d fl. FORTNEy LAW OFFICE 



(FflX)559d325872 



P. 008/017 



Atty. Docket No- OPP030889OS/PPW06-563DS 
Serial No: 10/676,645 

The ^^yjtpetion of Claims US. 23. 26-38 and 30 un der 35 U.S.C. 6 WKei 

The rejecdon of Claims l-5» 23, 26-28 and 30 under 35 U.S.C. I02(e> as being 
anticipated by Seldguchi (U.S. Pat. Appt. Publ. No. 2002/0024142, hereinafter "Sekiguchi") is 
respectfully travcarscd. 

The Office Action appears to characterize the disclosure of Sckiguchi using tiie terms 
recited in tiie present ctaims, rather flian the terms disclosed by SeildguchL However, assuming 
arguendo tiiat the cbaracteriaation of Seldguchi in the Office Action is reasonably accurate, the 
alloy layer 1 1 1/U 5 of Seldguchi is not coplanar with or lower than a top surEace of the insulation 
layer 101 (sec, eg., nOS. lA-lE of SekigucbO. As at«sult, SekigucH does not anticipate tiie 
present Claims 1-5. 23, 25-28 and 30. 

t 

Thus, tiie rqection under 35 U.S.C § 1 02(c) is not sustainable and should be withdrawn. 

The Reiection ofClaims 24T25_and 32 under 35 U.S.C. S 1 03fa^ 
The rqection of Clainis 24-25 and 32 under 35 U.S.C, § 103(a) as being unpatentable 
over Sckiguchi is respectfully traversed. 

Applicant's undersigned representative notes that the former Claim 25 is not a product- 
hy-process daha- To clarify tiie reconJ, Claim 25 did not recite tiic term "forming," although tiie 
Office Action indicates tiiat it did (see p. 5. first full paragraph of the Office Action dated June 
14, 2006). Applicant's undersigned representative agrees that Ihe limitation recited in Claim 25 
(•^vherein ti)e alloy comprises a reaction product of tiie metal line and tiie low melting point 
metal'O recites a structure. A material can he characterized as a reaction product witiiout 
requiring tiiat tiie process of reacting be performed. For example, a claim that recites ''a reaction 
product of a proton and a hydroxide ion" would read on water, and would not require one to 
fom it by reacting a proton and a hydroxide ion. GrammaticaUy. titere is no verb in tiic recited 
limitation. It is not understood how one can read a verb (process) into tiic limitBtion. 

However, regardless of tiie tiiickness of tiie barrier layer(s) disclosed by Sckiguchi (see p. 
4, last full paragraph of the Office Action), Seldguchi does not appear to teach, disclose or 
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suggest an alloy layer (e.g., layers 111/115 in FIGS. lA-lE of Seldguchi) having a top surfiice 
that is coplanar with or lower than a top suifece of the insulation layer 101. Given that layers 
111/115 in FIGS. lA-lE of Sekiguchi (and their equivalents in FIGS. 2A-4E) appear to he 
formed in openings in insulation l^crs above the insulation layer in which metal line 1 03 is 
formed, it doe not iqprpear possible for Sekiguchi to enable one to make an alloy layer on a metal 
line in a via in an insuladng layer that is coplanar with or lower than a top suifece of the 
insulation layer (see Claim 1 above). As a resuh, the present claims (including Claims 24-25 and 
32) are patentable over Seldguchi. 

Thus, die rejection of Claims 24-25 and 32 under 35 U,S.C § 103(a) is not sustainable 
and should bs withdrawn. 

The Relcction of Claims 5. 8. 21-22. 31 and 34 u nder 35 U.S.C. S 103(a^ 

The rejection of Claims 5, 8. 21-22, 31 and 34 under 35 U.S.C. § 103(a) as being 
unpatentable over Sekiguchi in view of Uu ct al. (US 6,638,867, hereinaaer *'Liu") is 
respectfully travosed. 

As discussed above, Sekiguchi fails to teach, disclose or suggest an alloy layer on a metal 
line in a via in an insulating layer that is coplanar with or lower than a top surJacc of the 
insulation layer (see Claim 1 above). Liu fidls to cure tlie deficiency of Seikiguchi with r£^ard to 
Claim 1. 

Liu discloses a bonding pad 60 that includes an aluminum alloy bonding pad segment 54 
in a shallow interconnection line 40 (see col. 6, IL 16-27, and nGS. 6C-6D) and an ahiminum 
conductive layer 58 over tiie bonding pad segment 54 (see col- 6, 11. 34-42, and FIG. 6C). Liu 
further discloses that the conductive layer 58 over die bonding pad segment 54 can alternatively 
consist of aluminum alloy, tungsten, coppet^ or a copper alloy (see col.. 6, II. 35-40). Aluminum 
has a melting point below 1000"C., and as a result, the aluminum alloy conductive layer 58 on 
bonding pad segment 54 could, in theory, be the claimed alloy. However, Liu does not appear to 
teach or disclose that the non-^taninum metal m the aluminum alloy is the same as a metal in 
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bonding pad segment 54 (sec eoL 6, 11. 34-40). Similarly, the copper alloy alternative for 
conductive layer 58 could be the claimed alloy, but there is no indication in liu that the copper 
alloy is an alloy of copper and aluminum (see coL 6, 11. 34-40), It is therefore believed that Liu 
does not disclose an alloy layer comprismg both a low melting point metal having a melting 
point less than or equal to 1000'' C es^ a metal of a metal line, assuming for the sake of 
argument that bonding pad segment 54 constitates a metal line. 

On the other hand, if one selects aluminum or aluminum alloy for conductive layer 58 
and a different metal or alloy for bonding segment 54, bonding pad segment 54 and conducdvc 
layer 58 could, in theory, form the claimed alloy. However, it appears that any such alloy would 
have a top sutBicb that would not be coplanar with or lower than a top surface of the insulation 
layer, as recited in Claim 1. In addition, the bonding pad 60 disclosed by Liu includes shallow 
trench 40 that only partially penetmtes insulative layer 134 (see coL 5, 11. 55-64, and FIG. 5A), 
Therefore, the metal feature 54 in shallow trench 40 is not in a via (see FIGS. 6A-6D)* Thus, the 
bondmg pad 60 disclosed by Liu does not cure the deficiency of Sekiguchi with regard to the 
present Claim 1. 

Liu does disclose a metal feature 50 in a via (col. 6, IL 16-24). However, it is not 
included in the structure of bonding pad 60, and no metal or metal alloy is on an upper surfece 
thereofl Therefore, Liu does not cure the deficiency of Sekiguchi with regard to the present 
Claunl. 

As a result. Claim 1 (and all claims dfipendcnt therefrom, including Claims 5, 8, 21-22, 
31 and 34) are patentable over Sekiguchi in view of Liu, the combination of which feils to teach, 
disclose or suggest an alloy layer on a metal line in a via in an insulating l^er that Is coplanar 
with or lower than a top suifece of the insulation layer. Consequently, the rejection of Claims 5, 
8, 21-22, 31 and 34 under 35 U.S.C. § 103(a) should be witlidmwn- 
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Thft RdectioD of Claims 1. 26. 29 and 33 under 35 U.S.C. S 1 03fa'> 

The rejection of Claim 7 under 35 U.S.C. § 103(a) as being unpatentable over Grass (U-S. 
Pat No. 5,563,099; hereinafter '•Gtass'O is respectfiilly traversed. 

Again, AppKcant's undersigned representative notes that neither former Claim 25 nor 
Claim 26 -was a pioduct-by-process claim. To clarify the record. Claim 25 did not recite ttie term 
*^ria" or "forming," although the OfBcc Action indicates that ii did (see p. 7, last full paragraph 
above the title "Response to Argoments^O- Claim 26 did recite that **the via is wilhin tiie 
insulation layer," but it is not at all clear how one can read a process for forming tiie via into this 
limitation. Applicants undersigned representative agrees tiiat the limitation recited in Claim 26 
recites a structure. A structure can be characterized by its location without requiring a process of 
forming the structure. Orammatically, there is no verb in the rcdted limitation. It is not 
understood how one can read a verb (process) into the limitation. 

That being said, tiie Office Action fortiier appears to charactoize the disclosure of Grass 
using the terms recited in the present claims, ratiier than the terms disclosed by Grass. However, 
assuming arguendo that the characterization of Grass ui the Office Action is reasonably accurate, 
as is recognized in the Office Action, the alloy layer disclosed by Gross docs not appear to 
include a metal of the metal line and a low melting point metal having ft melting point less tiian 
or equal to 1000°C. 

Metal layer 14b of Grass is a thick conductor layer, such as an ahaminum alloy that may 
contain a f'T'ai' amount of copper and silicon, such as around 0 J% copper and around 1% silicon 
(col. 3, lU 39-43). Layer 14c of Grass is a thin continuous iniermetallic layer (coL 3, 11. 46-47). 
When layer 14b is an aluminum alloy. intermctaUic layer 14c can be fbimed by metals tftat react 
mth aluminum^ such as titanium Ti, zirconium Zr, hafiuum Hf, ehromium Cr, molybdenum Mo, 
tungsten W, copper Cu, palladium Pd, platinum P^ and nickel Ni (col. 3, IL 50-55; emphasis 
added). For example, Ti reacts with aluminum to form TiAl3 (col. 3, II. 39-43). As is known, 
none of the listed metals fliat react witii aluminum have a mcWng pomt less than or equal to 
1000°C (see the CRC Handbook of Chemistry and Physics, 64* cd. [1983], CRC Press, Boca 
Raton, Florida, inside back cover, submitted herewitii). Thus, tiie alloy layer disclosed by Grass 
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does not appear to include a metal of llie metal line and a low melting point metal having a 
melling point less than or equal to 1 000°C 

However, it has been asserted (without supporthig evidence or reasoning) that 
substitution of a low melting point metal having a melting point less than or equal to 1000*^0. for 
the metal that reacts with aluminum as disclosed by Grass would be obvious to one of ordinary 
skill in the art, to improve device properties- The Examiner is again invited to read the Manual 
of Patent Examining Procedure C'MPEFO, § 2143, which clearly states that there must be some 
suggestion or motivation, (dthcr in tlie references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or to combine the reference 
teachings, and that the prior art reference (or references when combined) must teach or suggest 
all the claim limitations. In this case, no reference cited agsiinst the present claims provides any 
suggestion or motivation to substitute an alloy layer coraprisinB (I) a metal of the metal line in 
an insulator layer and (2) a low melting point metal having a melting point less tiian or equal to 
1 000"C„ for a different alloy layer that has a top surfiice that is coplanar with or lower than a top 
surface of the insulation layen The only suggestion to do so comes from the present application. 

An assertion that one of ordinary skill in the art would modify the disclosures of the cited 
references in the manner necessary to arrive at tiic invention, without any suggestion in the 
references to do so, is a classic hindsight reconstruction of the invention. One cannot use 
hindsight reconstruction to pick and choose among isolated disclosures in tiie cited references to 
deprecate tiie claimed invention. In re Fine, 837 R2d 1071, 1075, 5 U.SJ?.Q.2d 1596, 1600 
(Fed Cir. 1988); sec also In re Pleudemmn, 910 F^d 823, 828, IS U.S J.Q.2d 1738, 1742 (Fed 
Cir. 1990); and Uniroyal Inc. v. Rudfdn^Wiley Corp., 837 F5d 1044, 1051, 5 US J.Q^d 1434, 
1438 (Fed. Cir- 1988). To use the patent [application] as a guide through the cited references, 
combining the right disclosures in the right way to arrive at the result of the clmmed inventioo, is 
improper. See, eg., Medtronic, Inc. v. Daig Corp., 611 F. Supp. 1498. 1534> 227 U.S.P.Q. 509, 
535 p. Minn, 1985). qff-d 789 V2d 903, 229 U.S.P.Q. 664 (Fed. Cir. 1986). 
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Consequently, the apparent basis for this ground of rejection is inadequate to establish 
prima fade obviousness of Claini 1. Accordingly, this ground of rejection is. unsustainable, and 
should be -withdiawn. 

Conclusions 

In view of the above amendments and remarks, all bases for objection and rqccdon are 
overcome, and the iqjpUcation is in condition for allowance Early notice to lliat effect is 
earnestly requested. 

If it is deemed helpful or beneficial to the efficient prosecution of flic present application, 
the Examiner is invited to contact Applicant's undersigned representative by telephone. 



Respcctfiilly submitted. 




Andrew D. Fortney, PhJD. 
Reg. No. 34,600 



401 W. Fallbrook Avenue, Suite 204 
Fresno, California 93711 
(559) 432 - 6847 
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MELTING AND BOIUNC POINTS, AND ATOMIC WEIOITRS OF TH£ ELEMENTS (CbnUnucd) 
Nunc SytMbot 

Nobcllum No 

tnotimim ?t 

Huionlum Pu 

felaidmn Po 

Potnuluin K 

Prsncfldymlutn Pr 

lYomcthiutn Pm 

Ptcitaetiniiim'^ hi 

Rttdon An 

Rhmilum ftc 

Rhodjttm Rh 

ftubldlutn^ Rb 

Ruthcninm' Rtt 

Samarium^ Sm 

Seuidlum Stf 

Sclcatum So 

Silicon «;i 

SINoT* Ag 

Sodium N» 

Strontium' Sr 

SttlfUt^ S ' 

TMitttlum Tfl 

Tudmvtlum Tc 

Tdlturlum' T« 

Torblttm Tb 

Thallium tl 

Tlwrlum**'' Th 

ThuUttm Tm 

Tift Sn 

TItdflium Ti 

Tunp^tai W 

Onrnlum^ U 

VafUfUum V 
Wplfmrn 
CMvTUnptoO 

YttBtMum 
Yttrium 

ZlreanJum' 
*Moiioitudldii: dement. 

^CtcttiEntwiibflnspradomlnatti Iwtope about 99 to )DQ%abundMi»l« 
^eiiitiBitt for wliUh tho atdtnte weight li basGd an callbialml niMtufsmcntt. 

^ClQmant for whidt mUilDii In liottopJc abundnttca In ictmitlttl nutiplct tlmlt» the pndiJon of itiv tttDralcwdshl glvciu 
"SiRfwwt for which iimn nm camlMtDd h^Iim the potilbiUty of lar|c nrbtloiM Hi atomic wslghi due to Itutdncnenl or 
undbcltttad urtiOM Inimpk ttfptir«tio» ht commercUUp avatfabfo mutnttolf. 
'Moit CDftimonly antbtbid lont-ll^cd Uotope, 

<tn 9ome BcalogM «p«dtnctti thli eiement ha» a lilKlily attdmalouf iMtopIc comiMwUiofw corrMpondltttf to an atomic 
«i»c^t tlgnirlcanttydlrrBicm from that gl«9n, 

^Clement for which Icnown vatiation* bt botoplc eompo«ltloo Id normal tcrrpMrtal iriatsrlal piwcnt t mote ptcfibe atontlti 
wdfthT given t^, (£) value* ihoiild be apptieoblB to any ^'normal** matarUI. 

'dement for which jtaolojiltial «peobtictt» ate Icoown In which element Ims an anBtntiloUi liotoplti compotltlon* yuch 
that the tUffatwiGD in atomic wcJoht of the clcmcni (n ttich nMclmena fVam that jtlven bt theTitbtB may oCBBd eowidcf 
ably tho Impllad utiMrtabtiy, 

JSIoncnt far which wbitantbt varlatian» In from Iht «atua can occur bi commeretally avalhibte material be» 
cBUfC of Inttdvorteni or undUclapcd change of Ixotoplc compoRltlon. 
^Element for which Iha wducM^ h that of the radloisotiipa of tongdat ItalMlfe* 

^Trtplo pobttt dtraphifv-ilquWfftti). 3tf37xsa*e ut o preuttte of a04 Mi^ and CgnipbttoHilamond-ltquId)* 
38»»a93a''C at u rnroiMite of |3»t9 GPa. 



e nunibtff 


^^VpoM>*aBv w^a|p|o* 
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14,0067*'« 


-309,66 


•195.8 


102 


(359) 






96 


190*3 


3.043 « 30 


5.037 1 100 


8 


15.9994»»>««*<» 




-183.963 


46 


1D6«4 


1.554 


3.14Q 


15 


30*97376 


44.1 (Mhiie) 


380 (whitci 


78 


195,09* 


1.772 


3,837 » too 


94 


<344) 


641 


3.333 


IM 


ao9) 


354 


963 


19 


39^9B3» 


63.35 


759.9 


59 


140»9077» 


931 t4 


3i3l2 


61 


(145) 


'-1«D8Q 


3,4600 


91 


331.0359" 


<1,600 




88 


336.0354"»f*« 


700 


1,140 


86 


(333) 


•71 


-61.8 


15 


186^ 


3,i80 


3,637(eiU 


43 


ia2.9055« 


1,966 4 3 


3.737 z too 


31 


85,4678^ 


38.89 


686 


44 


1D1JJ7* 


2.310 


3,900 


63 


150^ 


I J)73 9 5 


K77a 


21 


44J559* 


l«539 


2J133 


34 


7«»96* 

* 


317 


684,9 1 \JQ 


14 


2a«08i5* 


1,410 


23SS 


47 . 


lOl^fiB* 


961.93 


3.313 


n 


3X9H971* 


97.81 t 0.03 


883.9 


3H 


B7.63* 


769 


J .384 


16 


32.a6«< 


M3.» 


444.674 


73 


J80»9479*»» 


34996 


iA25 t 100 


43 


(97)*' 


3,i73 


4,877 


53 


127.60' 


449.5 X as 


989.8 ± 3.8 


65 


158,9354* 


1,360 4 4 


3,041 


81 


204J7* 


303.5 


1,457 1, 10 


90 


233JJ3ai« 


h73D 


M,790 


69 


168.9343* 


IMS ± 15 


1.737 


50 


1 18.69* 


331.9681 


3:270 


33 


47.90* 


l.660» to 


3,387 


74 


183»85* 


3.4tOA2D 


5.660 


93 


338.039 ^•"•^ 


1.132.3 t 0.8 


3,818 


33 


50.94J5*»»' 


\JB$Q± 10 


3,380 





54 


13U0 


•111.9 


-107.1 1 3 


Yb 


70 


173.04* 


834 « 5 


U193 


Y 


39 


88,9059« 


U23*8 


3437 


Zit 


30 


6S.3ft 


419.58 


907 


Zr 


40 


9t«33 


. 1.853 < 3 


4477 
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